The most important method of haploid plant production is isolated microspores culture. To be successful in this method, genetic potential of cultivars is very important. In this research, ten Iranian hexaploid wheat cultivars (exclusive of MV17) on the basis of their characters such as heat, drought and salinity resistant have been selected and their responses to isolated microspore culture were evaluated. Meanwhile the effects of two pretreatments (cold and heat + chemical) and embryo induction media (NPB99 and CHB-2) on androgenic traits including embryogenesis, total plant regeneration and green plant regeneration were studied in selected cultivars. There were significant interactions between cultivars and pretreatments and also between cultivars and media in most cases. The interaction between cultivars Chamran and Navid with 21 days cold pretreatment produced the highest number of embryos and the interaction between cultivar Hamoon and 21 days cold and heat + chemical pretreatments produced the most green plant regeneration percentage. Also, the results showed that the interaction between cultivar Chamran and CHB-2 medium produced the highest number of embryos while the interaction between cultivar Hamoon and NPB99 medium had the highest green plant regeneration.
culture of hexaploid wheat, embryo induction, total plant regeneration and green plant regeneration inherited independently (Agache et al., 1988) . This fitness provides the basis for introducing these traits into genotypes with low response. Appropriate stress treatment to induce the embryogenesis in microspores is a prerequisite for success. To induce androgenesis, different pretreatments have been applied including physical, physiological and chemical pretreatments of excised spikes, anthers or microspores (Zoriniants et al., 2005) . In general, it seems pretreatment acts by applying a stress that causes a shifting from gametophytic pathway to saprophytic pathway. Production of albino plants that is peculiar to cereals reduces the efficiency of microspores culture. Therefore it provides a proper environment which is necessary to development of embryogenic microspores and production of embryo. Favorable factors during this phase may include both optimized physical conditions and proper elements in the media (Mejza et al., 1993; Gustafson et al., 1995) . In the present research, ten Iranian hexaploid wheat cultivars (exclusive of MV17) have been selected on the basis of their characters. In the first experiment, the effects of cultivar and two pretreatments including cold and heat + chemical were investigated. In the second experiment, the effects of cultivar and two embryo induction media (NPM99 and CHB-2) were studied by using cold pretreatment. These pretreatments and induction media have been chosen because they are efficiently used in androgenesis.
Materials and Methods

Growth of Donor Plants
Cultivars used in this study including Azadi, Alvand, Pishtaz, Chamran, Golestan, Moghn2, Navid, Hamoon and MV17 were cultivated in an experimental field and also agronomic cares including irrigation, weeding and fertilization were carried out ( Figure 1a ).
Collecting Tillers
The morphological features of tillers containing microspores at the mid to late-uninucleate were established for each cultivar via microscopic examination of microspores with acetocarmine stain (Figure 1b) . Tillers containing microspores at proper stages were cut at the second node from the top of the tillers and were placed in a container containing distilled water.
Pretreatment of Spikes
Tillers were pretreated according to the type of experiment. In this research, two pretreatments including cold and heat + chemical were investigated. In the cold pretreatment, four tillers were placed in a humid paper towel and were covered by aluminum foil for preserving its humidity (Hu & Kasha, 1999) . The basal ends of tillers were placed in the beaker containing 200 ml of distilled water and incubated at 4°C for 21 days. In heat + chemical pretreatment, according to method of Liu et al. (2002) , the basal of four tillers were placed in a small beaker containing 50 ml of sterile inducer formulation (100 mg L -1 2-HNA, 10 -6 M 2,4-D and 10 -6 M BAP). The plastic bag was placed over the spikes and sealed around the beaker with parafilm tape. The beaker was placed in an incubator at 33°C (ranging between 48-58 h depending on different cultivars).
Microspore Isolation
After the spikes were pretreated, they were disinfected through immersion in 1.5% (w/v) sodium hypochlorite for 15 min. Thereafter, three rinses were performed with sterile distilled water for 3 min. Microspores were isolated according to the method of Liu et al. (2002) with some modifications. The spikes were aseptically moved in the laminar air flow. Awns (if present) were removed. Spiklets were isolated from every four spikes and allowed to drop into the sterilized blender cup (2-speed Warring, Chiristion). Forty milliliters of 0.3 M autoclaved mannitol solution was added to the blender cup. The spikes were blended at slow speed for 15 second and blended slurry was filtered through a 100 µm sterilized stainless steel mesh and blender cup was rinsed with 10 ml of a 0.3 M autoclaved mannitol solution and this solution was filtered, too. The filtrate was collected with 5 ml sampler in two 50 ml sterilized tubes and centrifuged at 100×g at 4°C for 3 min. Supernatant was discarded and pellets were resuspended in 2 ml of 0.3 M autoclaved mannitol solution. The suspension pellets were layered over 5 ml of a 0.58 M sterilized maltose solution and centrifuged as above. Three milliliters of upper band was collected and dropped into 10 ml of a 0.3 M autoclaved mannitol solution in a 15 ml tube and centrifuged as above. The supernatant was discarded and the previous step was repeated with 10 ml of culture medium (according to experiments, CHB-2 or NPB99). The supernatant was discarded and pellets were resuspended in 2 ml of medium and microspores density was determined by a hemocytometer. Medium was added in microspores suspension to obtain a proper density (1×104 microspores per ml). Based on the analysis of variance for green plant regeneration, the simple effects of cultivar, pretreatment and also their interaction were significant. The interaction between cultivar Hamoon and heat + chemical pretreatment produced the highest percentage of green plant regeneration while interactions between cultivars Shole and MV17 and cold pretreatment together with interactions between cultivars Moghan2 and Alvand with the both pretreatments showed a low green plant regeneration ( Figure 5 ). The green plant regeneration in Hamoon, Chamran, MV17, Navid and Shole cultivars in the heat + chemical pretreatment was more than that of cold pretreatment. Overall, the number of green plants produced by cultivar Hamoon using the two studied pretreatments was more than other cultivars ( Figure 5 ). 
Experiment 2
Analysis of variance showed significant differences between cultivars, embryo induction media and their interactions for embryo yield per spike. Interaction between cultivar Chamran and CHB-2 medium showed the highest embryo yield per spike (320.42 embryos per spike). Embryo yield in the cultivars Chamran and Navid was more than other cultivars in the NPB99 medium. Among cultivars, cultivar Golestan did not produce any Figure 6 ). Cultivars Chamran and Shole produced more embryos using CHB-2 medium while in cultivars Navid and MV17, NPB99 medium produced higher embryos than CHB-2 medium. Analysis of variance showed significant differences between cultivars and interactions between cultivars and media for percentage of total plant regeneration. The embryos obtained from interaction Hamoon cultivar and NPB99 medium produced the highest percentage of plant regeneration (64.5%) (Figure 7) . Overall, the embryos obtained from interaction between cultivars Hamoon, Chamran and MV17 and NPB99 medium produced higher percentage of plant regeneration than CHB-2 medium. In contrast, in cultivar Navid, CHB-2 medium increased the plant regeneration ( Figure 7) . Analysis of variance for percentage of green plant regeneration showed significant differences between cultivars, media and their interactions. Interactions between cultivar Hamoon and NPB99 and CHB-2 media produced the highest percentage of green plant regeneration (67.41% and 59.38%, respectively) ( Figure 8 ). In cultivars Chamran, Navid, Shole and MV17, CHB-2 medium increased the percentage of green plant regeneration while the NPB99 medium decreased it. In two cultivars Pishtaz and Moghan2, there was not a significant difference between both used embryo induction media. 
Discussion
The Effect of Cultivar
It has been recognized that both environmental and genetic factors interfere to the microspore embryogenesis response (Kasha et al., 1990) . In the present research, the effect of cultivar was significant. Also the previous studies showed that response to androgenesis is strongly affected by the genotype (Tuvesson et al., 1989; Masojc et al., 1993) . In this study, significant interactions between cultivars and pretreatments and also between cultivars and embryo induction media for response to androgenesis are observed. These findings were consistent with Vol. 5, No. 7; other researches including Mentenwab and Sarrafi (1997) and Ghaemi et al. (1994) , respectively. Some of the cultivars showed a better response than others to environmental changes on microspores. Zhang and Li (1984) showed that the chromosomes 2A and 2D consist of major genes for androgenesis and chromosomes 2B, 4A, 5A and 5B consist of minor genes acting to inhibit embryo production. Several authors have believed that the presence of the D genome in wheat (Triticum aestivum L.) is important for responding to androgenesis. Important genes for controlling embryo induction, total plant regeneration and green plant regeneration were located on chromosomes of D genome (De Buyser et al., 1992; Ghaemi et al., 1995) . Information of effective genes and their interactions for response to androgenesis may help to overcome problems caused by the genotypic dependence. Moieni and Sarrafi (1995) showed a significant genetic variability and relatively high heritability for androgenic traits (embryo yield, total plant regeneration and green plant regeneration) in hexaploid wheat. Among androgenic traits, albino plant regeneration has showed the lowest heritability value (Zheng, 2003) . This case may cause to reduce albino by the control of culture conditions. Agache et al. (1988) showed that all three androgenic traits inherited dependently. Dominant and additive genes that affect on these traits may cause to convert important cultivars with low response into cultivars with high response to androgenesis.
The Effect of Pretreatment
The type of stress used (applied as a pretreatment) plays an important role not only in embryogenesis induction but also in the production of green plants (Touraev et al., 1996) . In the present research, two pretreatments (cold and heat + chemical) were used. These pretreatments differed in intensity and nature. These characteristics are important in blocking normal pathway of microspores and induction embryogenesis. Some of cultivars in cold pretreatment and some others in heat +chemical pretreatment had better response. This finding indicates the presence of interaction between cultivars and pretreatments. These results were consistent with findings of Mentenwab and Sarrafi (1997) . Both insufficient and over-extended pretreatments are destructive for the production of green plants. The aim of pretreatment is not only to maximize the number of embryogenic microspores, but also to produce proper embryos that can regenerate green plants (Zheng, 2003) . Cold pretreatment is a common system to induce embryogenesis. In the present study, some of cultivars after pretreating their tillers at 4°C for 21 days, showed a proper response to microspore culture that was consistent with findings of Armstrong et al. (1987) and Tuvesson et al. (2000) . Cold pretreatment can increase the total content of free amino acids which cause to adaptation of microspores to the metabolic changes and induction of embryogenesis (Claparols et al., 1993; Xie et al., 1997) . Also during the cold pretreatment, two HSP genes (tom 66 and tom 111) are expressed that may protect microspores against cold damages (Sabehat et al., 1998) . In general, cold pretreatment cannot actually be considered a stress. It is seemed cold pretreatment generally plays as role protective while the induction of embryogenesis is started by other stresses. In the current research, the cultivars that showed a low response to cold pretreatment may be required to cold pretreatment with a high intensity or other pretreatments. Chemical inducers consist of 2-HNA helps to trigger embryogenesis and to maintain microspores viability. These characters are important for an efficient androgenesis . In the present study, cultivars that showed a low response to heat + chemical pretreatment required pretreatment with low intensity. In these cultivars, frequency of dead microspores after applying heat + chemical pretreatment was high. A fine pretreatment must decrease the frequency of dead microspores because the dead microspores can stop the production of embryos by releasing phenolics and changing medium composition (Liu et al., 2002) . Less intensity of this pretreatment may be achieved by decreasing concentration of 2-HNA, temperature and period of pretreatment. Stress conditions may help to the induction of embryogenesis but these stresses may also be caused to alterations leading to low plant regeneration and albino plants production. This subject can be related to the differences observed in total plant and green plant regenerations in the present study. Previous studies have shown that stability of plastid ribosomes was highly temperature-dependent. Seedlings of rye, barley and oat grown at temperature of 32-34°C were deficient to from 70s ribosomes (Hess et al., 1992 ) and the expression of plastid genes were chiefly depressed at low temperature (Yoshida et al., 1996) . These effects may differ according to genotype. In general, the choice of stress related to its efficiency and practicality in androgenesis.
The Effect of Embryo Induction Medium
After embryogenesis induction, the optimal environment require for embryogenic microspores to grow into embryos and subsequently regenerate to green plants. In isolated microspore culture, after the induction of embryogenesis, an ongoing series cell divisions are necessary for success. These cell divisions were established in response to the use of different media, hormone combinations, conditioning factors, amino acid and other additives in the medium (Jähne & Lörz, 1995) . The present results showed the significant interactions between cultivars and embryo induction media for embryo yield and green plant regeneration. These results are consistent with finding of Moieni and Sarrafi (1996) and Lantos et al. (2005) . The composition of medium is critical for embryogenesis induction and green plant regeneration. The principal differences in two used media in the present research included myo-inositol, amino acids (especially glutamine), PAA and hormone combinations. The concentration, combination and exogenous hormones balance in the medium are critical. Growth condition of donor plants and stresses to them may greatly affect the endogenous hormone levels and subsequently the hormone levels required in embryo induction medium (Cistue & Kasha, 2005) . Profitable effects of PAA have been reported on barley and wheat androgenesis. Ziauddin et al. (1992) reported that medium containing PAA has produced a slightly higher embryo than medium containing 2,4-D. They also reported a significant increase in green plant regeneration for wheat anther culture and barely microspores culture by medium containing PAA. In contrast, our data did not show a dramatic effect of presence of PAA in NPB99 medium for green plant regeneration. It seems the effect of optimal hormonal combination on embryo production was affected by cultivar, growth condition of donor plants and pretreatment. The presence of myo-inositol in NPB99 medium may be useful because inositol plays a regulative role for Ca 2+ in the internal cell which is important in cell cycle (Hetherington & Brownlee, 2004) . The higher plant regeneration obtained by CHB-2 medium may be due to concentration of the organic nitrogen especially glutamine used in this medium (Mordhorst & lörz, 1993) . It has been showed that certain amino acids can be beneficial for embryo maturation and plant regeneration (Trottier et al., 1993) . In media without the presence of immature ovaries, cell division was blocked in the developing pathway microspores for embryo formation. The presence of immature ovaries provides nurse factors for androgenesis. We suggest using a combination of OVCM and ovary co-culture for low-responsive cultivars according to the idea of . It seems OVCM provides nurse factor earlier than immature ovaries in beginning microspores culture. It is important particularly for cultivars with low response. In this research, ten Iranian hexaploid wheat cultivars (exclusive of MV17) were evaluated. These cultivars were used as the parents in the breeding programs due to some suitable characters such as heat, drought, salinity and disease resistance. The results showed that in the most of the cultivars, the interaction effects were significant and a considerable number of the embryos or the green plant regeneration could be produced after determining a suitable interaction effect.
